I
n the 20th century, public health was responsible for most of the 30-year increase in average life expectancy in the United States. 1 Most of the significant advances in public health (e.g., vaccinations, water fluoridation) required the combined effort of scientists and attorneys. Scientists identified public health threats and the means of controlling them, but attorneys and policymakers helped convert those scientific discoveries into laws that could change the behavior of industries or individuals at a population level. In tobacco control, public health scientists made the groundbreaking discovery that smoking caused lung cancer, but attorneys and policymakers developed and implemented the policies and litigation strategies that helped reduce smoking rates by more than half over the past 50 years.
The need for attorneys and scientists to collaboratively tackle public health problems is as great as ever. With courts increasingly demanding higher levels of evidentiary proof in public health cases, 2 scientists and attorneys need to work together to ensure that policy measures can be defended in court. This requires collaboration at the onset of the research process, so that the researchers can anticipate and address questions that reviewing courts are likely to ask. Unfortunately, barriers to interdisciplinary communication, combined with time and funding constraints, make such collaboration difficult.
This article discusses the need for better collaboration between attorneys and scientists generally and in the context of tobacco regulation.
I. Scientists and Attorneys
The need to "bridge the gap" between academics and attorneys has been widely acknowledged. 3 Nearly 25 years ago, law professor Harold Green noted the "substantial gulf between the scientific and legal disciplines" and suggested that scientists often have the "perception that lawyers are merely meddlers with little capacity to be of assistance to science," while the legal profession frequently fails to recognize the importance of engaging with scientists to tackle pressing public policy issues. 4 This gulf still exists, largely because each community is focused on its own priorities and does not often think to engage the other. In our experience, researchers are primarily focused on advancing the science and are driven by gaps in the literature, the search for novel research questions and methodologies, and funding availability. Furthermore, scientists have little professional incentive to ensure that their research is translated into law and policy. They are likely to view the development of law and policy as someone else's role, even though they may be frustrated by the disjuncture between evidence-based practice and policy. 5 In contrast, attorneys/policymakers often deal with much shorter time horizons than researchers. They want to use science to support their policy approach or legal arguments, but cannot wait for the development of new evidence. 6 Generally, they care less about scientific truth than about identifying available evidence that will support their position. 7 Most attorneys have limited knowledge of the research process and may be frustrated by what they see as the tendency of scientists to focus on narrow, technical questions that do not inform the broader policy questions at issue. 8 This gap hinders advances in public health. Critical research is not being translated to policymakers, and the courts lack access to (or understanding of ) the science relevant to important public health decisions. Although science and policy will never be fully aligned (e.g., due to differences between science-based policy and political ideology), significant public health advances can nonetheless occur when scientists and attorneys work together to inform policy development.
A recent example of the real-world effect of this gap is the R.J. Reynolds v. FDA decision from the U.S. Court of Appeals for the D.C. Circuit. 9 In that case, the court struck down Food and Drug Administration (FDA)'s proposed graphic health warnings for cigarette packages and advertisements on First Amendment grounds. This case was an important reminder that public policies, even if supported by considerable evidence, are vulnerable to legal challenges unless researchers anticipate and answer the doctrinal questions the courts are likely to ask. Additionally, it highlighted the failure of communication between science and law. In seeking evidence that the graphic health warnings "directly caused" smoking rates to fall, the court failed to comprehend the difficulty of establishing causation in real-world settings, where the influence of graphic warnings cannot possibly be disentangled from the impact of other tobacco control policies and the general decline in tobacco use. 10 Although it is quite possible that the court was ideologically predisposed to rule against FDA, the case is a reminder that policymakers and scientists need to better explain the scientific evidence (including its limitations) and to directly connect the science to the applicable legal standards. 11
II. Tobacco Regulatory Science
An opportunity to address the gap between science and law is in the emerging field of tobacco regulatory science, "the scientific discipline that supports the evaluation of the risks and benefits of tobacco regulatory decisions and provides a robust scientific foundation for regulatory policies." 12 In 2009, Congress enacted the Family Smoking Prevention and Tobacco Control Act, giving the newly established FDA Center for Tobacco Products (CTP) broad authority to regulate how tobacco products are designed, manufactured, sold, and marketed. 13 Although researchers have focused on questions involving tobacco for years, there are important research gaps, new products, and regulatory questions that FDA must address.
FDA prioritized research gaps and partnered with the National Institutes of Health (NIH) to fund new scientific research. The largest investment has been in the Tobacco Centers of Regulatory Science (TCORS) programs, through which FDA has committed $273 million in funding to support 14 academic research centers. 14 (Both authors are conducting research supported by TCORS centers.)
The TCORS program, along with other research funded by FDA CTP, provides an ideal opportunity to enhance collaboration between researchers and attorneys. By its nature, tobacco regulatory science is interdisciplinary; meeting FDA's needs requires an understanding not only of the scientific questions, but also of FDA's regulatory authority, the regulatory process, and how research can inform FDA's work. Importantly, significant FDA regulatory actions will undoubtedly be challenged in court by the tobacco industry and its allies. As the earlier discussion of the R.J. Reynolds case suggests, it is therefore crucial that attorneys work with scientists from the beginning of the research process to help anticipate the relevant legal tests and ensure that the research is addressing the questions that the courts will ask. Working An opportunity to address the gap between science and law is in the emerging field of tobacco regulatory science, "the scientific discipline that supports the evaluation of the risks and benefits of tobacco regulatory decisions and provides a robust scientific foundation for regulatory policies. 
III. An Example: Virtual Store Experiments
An example of the intersection of science and policy is the research being conducted by one of the authors (Kim) on testing potential regulations of tobacco marketing at the point-of-sale (POS). Retail is the most important marketing channel for the tobacco industry, as it spends nearly 95% of its $8 billion annual advertising budget on POS promotions, advertising, and retailer incentives. 15 Research confirms that youth exposed to POS marketing are more likely to have positive attitudes about smoking, experiment with smoking, and become established smokers. 16 However, there is limited research examining the potential impact of POS tobacco marketing restrictions.
To survive legal review, policymakers would have to demonstrate the likely impact of any proposed regulatory measure. Although there has been substantial POS regulation in other countries, it is hard to disentangle the effect of any single regulation, because multiple regulatory interventions (e.g., taxes, advertising restrictions) are often implemented at the same time.
To address these challenges, Kim and colleagues developed a "virtual store" application to study how tobacco advertising, promotions, and displays influence consumer behavior -and how regulatory interventions might counter those effects. Using customizable interactive gaming software, Kim and colleagues developed a 3-D interactive store environment that could be modified to reflect the influence of different regulatory requirements. In separate experiments, youth and adults completed shopping tasks in the different virtual store conditions. The researchers observed whether the study participants attempted to purchase tobacco and then asked them questions about their experience and their perception of the store environment. By randomizing participants to different store conditions, the researchers were able to do what cannot be done in the real world -isolate the effect of a particular regulatory intervention while holding other variables constant. 17 The "virtual store" design is a promising example of policy-relevant research that can directly inform regulatory decision-making. Among its other advantages, it enables policy options to be experimentally tested in a relatively short amount of time. Thus, Kim and colleagues have already been able to conduct experiments that have informed ongoing policy debates, 18 and, in the future, the program could be adapted to test additional regulatory options. Restricting promotions at the POS (or requiring the display of health warning messages) would, like the graphic health warnings case, raise thorny First Amendment questions. 19 Kim and colleagues therefore consulted with attorneys and policymakers when considering which options to evaluate, and, moving forward, the virtual store experiments present a perfect opportunity for researchers and attorneys to collaboratively design additional research studies that anticipate likely legal challenges.
IV. Conclusion
To date, most of the literature exploring the gap between scientists and policymakers has focused on enhancing communication and translating science into terms that non-scientists can understand. 20 While this might facilitate use of research studies in policymaking, it would not, in and of itself, facilitate the development of policy-relevant research that is conducted with both the regulatory structure and the relevant legal doctrines in mind. For such research to occur, attorneys and scientists must work together from the beginning of the process -and there must be funding mechanisms and professional incentives in place to encourage such collaboration. FDA's and NIH's tobacco regulatory science initiative is an ideal setting in which to demonstrate the importance of bridging the gap between science and law.
